Purpose Our purpose was to evaluate long-term results of two-stage cementless intramedullary nailing without achieving bone-to-bone fusion for treating chronically infected total knee arthroplasty (TKA). Methods Thirty-eight patients treated according to the same protocol were retrospectively evaluated for clinical, functional, laboratory and radiological outcomes. Results Spacer exchange was necessary for infection persistence in one case. At a minimum two year follow-up, 34 patients (89.5 %) showed no infection recurrence; among these 34 patients, 29 (85.3 %) reported no or moderate pain [visual analogue scale (VAS) ≤3]; mild to moderate handicap (Lequesne Algofunctional Index<7.5) was observed in 18 patients (52.9 %). No patient underwent revision for aseptic loosening, and no nail breakage was observed. Conclusions Two-stage cementless intramedullary nailing without achieving bone-to-bone fusion is a viable option for treating chronically infected TKA in selected, complex cases.
Introduction
Postsurgical infections represent a common healthcare problem, with Staphylococci being the leading microorganism involved [1, 2] . In the orthopaedic field, the issue posed by bacterial infection is considerable, especially because multidrug-resistant microorganisms are among the most frequently reported agents associated with orthopaedic implant infection [3] . Whereas infection after primary joint replacement in normal hosts is relatively rare, occurring in <2 % of patients, septic complications may be much more frequent in immunocompromised hosts or after revision surgery [4] . Moreover, despite the relatively low incidence of postsurgical septic complications, their overall socioeconomic burden will increase due to various factors [5] . Different treatment strategies can be adopted to counteract orthopaedic infections, depending on overall patient conditions (immune system, joint status and its functionality…) and according to involved pathogens and infection severity [6] . In the vast majority of infected total knee arthroplasty (TKA), one-or two-stage exchange is the preferred option to eradicate infection, with success rate ranging from 80 % to 100 % in different studies [7] .
In selected cases, however, knee arthrodesis has been proposed as a salvage procedure. This procedure was first performed for poliomyelitis, and common indications throughout the 1900s included malignant knee tumor, benign, local, destructive tumor, aseptic loosening and posttrauma [8] . Nelson and Evarts were probably the first to report knee arthrodesis as a treatment for failed TKA [9] . Knee arthrodesis has thereafter been proposed for septic knee prosthesis in the presence of one or more of the following conditions: highly virulent or multi-drug-resistant microorganisms, extensor apparatus deficit, severe bone loss or soft-tissue defect, multiple previous revision surgeries and patient's refusal to further prosthesis reimplantation or amputation [10] [11] [12] [13] [14] [15] [16] [17] [18] .
Different techniques for knee arthrodesis have been reported, including plate and screw osteosynthesis, external fixation and intramedullary nailing, the latter two being the most often preferred in the presence of bone infection [10, 12, 13, 15, [18] [19] [20] [21] . Whereas the proposed techniques do achieve bone fusion and infection control in the majority of cases, residual limb-length discrepancy and possible nonunion are the primary limits of knee arthrodesis following septic TKA. To overcome these problems, intramedullary nailing without bone fusion has been recently proposed in limited series of patients [17, 22] . Advantages of this option include no need for bone fusion and hence no risk of nonunion, early recovery and reduced limb-length inequality.
Aim of this retrospective case series study was to evaluate the long-term clinical, radiological and functional results in a continuous series of patients affected by chronic periprosthetic TKA infection, treated according to a same protocol of two-stage cementless modular intramedullary nailing without knee fusion.
Materials and methods
We retrospectively reviewed two cohorts of patients managed at the Istituto Ortopedico IRCCS Galeazzi and at the Istituto In all, 38 patients (18 men, 20 women) were available for review; three other patients, lost to follow-up within one year from surgery in one case or with insufficient data in the remaining two cases, were excluded.
Surgical technique
In all cases a two-stage procedure was undertaken. In the first stage, removal of the septic TKA and antibiotic-loaded cement, accurate surgical debridement and insertion of an antibiotic-impregnated cement spacer, were performed. For spacer preparation and fixation, antibiotic-loaded cement, either CEMEX Genta (Tecres® Somacampagna, Italy) or Simplex® Erythromycin and Colistin (Stryker Inc., Kalamazoo, MI, USA) were chosen on the basis of the isolated microorganism and intraoperatively mixed with 3 g of Vancomycin per cement pack. Multiple specimens of soft tissues and periprosthetic bone samples from the femur, tibia and joint were sent for microbiological examination. Postoperatively, antibiotics were given intravenously for two weeks and then orally for two to four weeks, empirically chosen or according to culture results when bacteria were identified. Antibiotics were then discontinued for at least four weeks prior to nailing; second-stage procedure was performed in the absence of clinical signs of infection recurrence and return of Creactive protein (CRP) to values ≤1.5 mg/L.
The second stage consisted of removing the spacer, further surgical debridement and tissue sampling for microbiological analysis. An intramedullary modular nail (Endo-Model® Knee Fusion Nail SK Modular System®, Waldemar-Link, Hamburg, Germany) was implanted without cement in all cases. To this aim, femur and the tibia were reamed until the cortical bone was reached and the femoral and tibial stems, provided with a sanded titanium surface, were then press-fit inserted into the diaphyses. The two components were then linked to each other by reciprocal interlocking of their base plates and fixed with two anteroposterior screws. Once assembled, nail valgus angle in the frontal plane features 5°and 5°flexion in the sagittal plane. No attempt was made to match femoral and tibial metaphyses to obtain joint fusion, and no bone grafting was undertaken. Instead, antibiotic-loaded bone cement was applied in the joint space to achieve local antibiotic delivery and to further fill the joint space, as needed (Fig. 1) . No tourniquet was used in any patient except during the cementing phase in the joint space. No cast or brace were used postoperatively. All patients were encouraged to gradually resume full weight bearing on the operated limb within three months of surgery. After surgery, systemic antibiotic therapy was administered according to the same protocol followed during the first stage.
Outcome evaluation
The following clinical criteria were assessed:
-Scar condition, signs of local and/or systemic infection (intra-articular effusion, local heat and/or erythema, sinus tract, fever) -Detection and measurement of leg-length discrepancy and need for cane or crutches -Visual analogue scale (VAS) using the 10-cm-graduated scale for pain self-assessment -Lequesne Algofunctional score [24] to assess handicap severity felt by patients in their daily life; low scores correspond to good results
Radiographs were assessed for signs of osteolysis around the implant, and erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) level were measured. Full recovery was defined by the presence of all of the followings: no local signs of inflammation or draining sinus, normal ESR and/or CRP, no need for further antibiotic therapy and no need for revision surgery at any time from index operation [25] .
Results

Preoperative data
Mean age at the time of index surgery was 65±14 (range, 46-82) years. Mean number of previous surgeries was 6.8 (two to18). All patients were followed up for a mean of 62± 34 (24-105) months. At the time of surgery, all patients had one or more of the following conditions: periprosthetic infection due to multi-drug-resistant and highly virulent microorganism(s), severe bone loss, soft tissue defect, severe knee stiffness, deficit of the extensor knee apparatus, immunocompromised host, previous several failed surgeries and patient refusal of other surgical options. Microbiological findings showed negative cultures in nine patients (23.7 %); 13 (34.2 %) showed mixed flora. Staphylococcus aureus was isolated in 19 cases (50.0 %), including ten with methicillin-resistant strains); coagulase-negative staphylococci were identified in 12 patients (31.6 %) (five methicillinresistant). Other isolates were Streptococcus spp. in five patients (13.1 %), Pseudomonas aeruginosa in three (7.8 %), Enterobacter spp. in three (7.8 %), Escherichia coli in three (7.8 %), Enterococcus faecalis in three (7.8 %) and other in four (10.5 %).
According to McPherson's classification [26] , 12 patients (31.6 %) were considered type A hosts, 19 (50 %) type B and seven (18.4 %) type C. Diabetes, smoking, renal insufficiency, peripheral vasculopathy and rheumatological disorders were the most commonly observed comorbidities.
Postoperative results
Spacer exchange was necessary for infection persistence in one case; in this patient, infection persistence was attributed to the concomitant infection of an internal osteosynthesis in the proximal third of the femur that was not removed during firststage procedure. One more patient experienced an intraoperative femoral shaft fracture during nail insertion, which was treated by osteosynthesis with plate and screws. This patient developed an infection recurrence three years later and finally underwent above-knee amputation after further failed plastic surgery and nail exchange. Other complications at the time of surgery were two deep vein thrombosis, one pneumonia and four delayed wound healing.
Overall, at a minimum of two years follow-up, four of 38 patients (10.5 %) developed infection recurrence; one was treated with surgical debridement, exchange of the modular part of the nail and suppressive antibiotic therapy; one underwent one-stage nail exchange; two were treated with above-knee amputation, one three years from index operation, as reported above, and another one who refused further surgery18 months after nail implant. Among the remaining 34 patients, two (5.9 %) reported pain in the operated leg at rest (VAS 1 and 2, respectively), whereas mean VAS for pain during walking was 1.1 (range 0-5): 20 patients (58.8 %) had no or very mild pain (VAS=0-1), nine (26.5 %) moderate pain (VAS 2-3) and five (14.7 %) had more severe pain (VAS 3-5).
The mean Lequesne Algofunctional index was 10.3 (range 2.5-19.5); mild to moderate handicap (score<7.5) was reported by 18 patients (52.9 %), and the remaining 16 (47 %) reported severe or very severe handicap (score>7.5). All patients required a cane or crutches for long walking distance (> 500 m; short-distance walking was possible without aids in 27/34 patients (79.4 %). Occasional ipsilateral hip pain was reported by five patients (14.7 %.), four (11.7 %) reported contralateral knee pain with radiographic evidence of osteoarthritis and two reported painful knee prosthesis. All patients found it difficult to climb stairs and sit in cars. The average limb-length discrepancy was 1.3 cm (range 0-4 cm).
At the latest follow-up, laboratory tests showed CRP values ≤1.0 mg/L in 28/34 patients (mean 0.8 mg/L, range 0.0-1 mg/L); three patients with abnormal values had underlying rheumatological disorders, and three other had chronic urinary tract infections (two patients) or chronic leg ulcer (one patient). At X-ray examination, radiolucent lines around the implant were observed in four patients No one underwent revision for aseptic loosening of the implant at the latest follow-up. No nail breakage was observed.
Discussion
This is, to our knowledge, the largest published series of patients treated with two-stage cementless modular nail without bone-to-bone fusion for chronically infected TKA. Results are consistent with those previously reported in a more limited series of patients treated according to a similar protocol [17] . Our data show that this treatment option may provide effective long-term infection control in nearly 90 % of patients and should be considered as a possible option among salvage procedures in failed, chronically infected TKA in which a more conservative approach is not possible or contraindicated or refused by the patient. In particular, in our series, at the time of surgery, all patients had one or more of the following conditions: periprosthetic infection due to multi-drugresistant and highly virulent microorganism(s), severe bone loss, soft tissue defect, severe knee stiffness, deficit of the extensor knee apparatus, immunocompromised host, several failed surgeries previously and patient refusal of other surgical options.
In such cases, knee arthrodesis is reported as a possible solution; however, bone nonunion rates ranging from 4 % to 30 % have been observed, whereas healing time may take several months (Table 1) . Whereas rigid fixation and compression generally contribute to successful arthrodesis, compression plating may be less reliable in patients with a failed TKA and who have osteopenic bone or infection. External fixation provides intra-operative compression but is also associated with a number of complications and drawbacks, including nonunion, limb shortening, pin-tract infection, long healing time, poor quality of life (QoL) during treatment, etc. [10, 12, 15, [18] [19] [20] .In 1948, Küntscher introduced a method for knee arthrodesis with an extra-long intramedullary nail extending from the greater trochanter to the tibial malleoli [27] , and Knutson introduced the use of the Küntscher nail to treat failed knee arthroplasty, especially in patients who had marked bone loss [28] . This method offers good bending rigidity and the possibility of immediate postoperative weight bearing, being more comfortable for the patient than external fixation and allowing a high rate of bone fusion [29, 30] . In 2003, Christie et al. reported results of the first 54 patients treated with the Wichita fusion nail after revision TKA, for infection. In 53 knees, a solid fusion was demonstrated clinically and radiographically [31] . For these reasons this has been proposed as the procedure of choice by different authors to achieve bone fusion after failed infected TKA [8, 10, 13, 16, 28, 32, 33] . even if the procedure is technically demanding, especially when a long, curved Küntscher nail is used, requiring long operative time and being associated with large blood loss; moreover, risk of nail breakage or migration has been reported, and limb-length discrepancy remains a frequent occurrence [10, 34] .
Our experience shows that achieving bone-to-bone fusion may not be necessary in salvage procedures for failed infected TKA, whereas the use of a modular interlocking nail may allow early weight bearing, with a relatively low intra-and postoperative complication rate and stable clinical results in the long term. However, our data also point out that loss of knee function is associated with an important impact on the patient's QoL and that the failure of a fixed knee prosthesis in these complex patients led to above-knee amputation in 50 % of cases. For this reason, this procedure should be restricted to a selected number of patients and proposed as a salvage procedure to be discussed with each patient, along with other possible options. This study has some limits:
-The retrospective nature and the lack of a comparative series treated with other surgical approaches, including one-stage procedures or knee arthrodesis, do not allow us to draw any definitive conclusion concerning the best treatment method for patients in which this type of surgical option may be indicated. -The relatively high proportion of patients with one or more comorbidities in our study may have an impact on the clinical result. However, the low numbers did not allow us to perform a multivariate analysis regarding the possible role of the different variables on the final outcome. -Duration of antibiotic treatment and other important features of the protocol adopted in this case series are not based on scientifically proven evidence but on subjective and empiric evidence and thus may not be relevant to the final outcome.
In conclusion, this study provides evidence that two-stage, intramedullary, cementless nailing without bone-to-bone fusion may be a reliable salvage procedure for chronically infected TKA in a selected population of complex patients. It results in an acceptable long-term infection eradication rate, reduced pain and limb-length discrepancy and a relatively low surgical complication rate.
